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NOVEL USE OF POSITIVELY C3HEARGED SUPPORT ^0 ^ 3 J U N 200^ 

Technical field 

The present invCTtion relates to a novel use of a positively charged siqiport. More closely, the 
5 invention relates to a sample loading siq>port p^er or membrane for loading saci:q)les onto an 
electrophoretic IPG (immobilised pH gradient) gel. The support is provided wifh positively 
charged groups and is used to load sanoples from the cathode side of the IPG gel or strqi. 

Background 

10 One type of widely used electrophore^s is isoelectric focussing, wherein substances, such as 
proteins, are separated according to their pl-value. For isoelectric focussing, sample loading has 
traditionally been perforined by cup loading by placing a cxxp on the gel and letting a sample 
pasis tbiDUgh the cup into the gel. The cup is positioned on the gel for the whole electrophoresis 
run. 

15 

Alternatively for dried gels, the sample may be mixed with electrophoresis buffer and used as a 
rehydration solution to rehydrate the dried gel, such as Immobiline DryStrip™ gels. 

More recently, sanq>le ^yplication paper in the form of conventional filter paper, has been 
20 placed between the electrode and the electrophoresis gel to load a sample into an electrophoretic 
gel. This functions satis&ctorily for sample application from the anode side of the gel. Howevei*, 
this approach does not work when using acidic pH intervals. As an alternative, rehydration 
loading can be used in theise pH intervals. 

25 However, rehydration loading is not possible witibi swollen gels, such as pre-swoUen RTG 
(ready-to-go) strips. Thus, these kind of gels need an alternative loading, especially for 
^plication of large samples which is very difficult today. 

Supports provided with positively charged groups are known Within prior art 
30 For example, US 3 714 010 describes anion exchange membranes from cellulosic sheet 

materials such as cellophane, parchment p^er or kraft paper. The membrane is especially suited 
for use in Uxc electrodialytic purification of saline water. 
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US 4 080 171 describes a method for analysis of trace components in a liqiiid, which conq>rises 
filtering said liquid through a filter paper having at least one anion exchange. 

US S 151 189 describes a catiqnic charge modified microporous membrane. This membrane can 
5 be used in various applications such as filtration of fluids and macromolecular transfer fix>m 
electrophoresis gels. The transfer process, also known as '"blotdng^', is defined herein as the 
stq>s involved in physically moving biomolecules fi:om a gel matrix to a microporous 
membrane onto which they become immobihsed. 

10 The most common prior use of anion exchange siqyports within prior art has been the use of 
anion exchange pqier for chromatogr^hy purposes. Exanq>les of this are DEAE- cellulose 
pap&c and anunde&jd-cellulose paper. 

According to our knowledge there is no prior art describing IPG electrophoresis sample loading 
15 with positively charged si^ort. 

SnTnTnary nf t he invention 

The present invention provides an alternative way to load sanq)les onto electrophoretic IPG gels, 
the invention enables san:q)le loading &om the cathode side of the IPG gel or strip. According 
20 to the invention sample is applied to an acidic interval IPG gel or strip, such as a RTG (ready-to- 
go) strip. This novel application enables sample loading in preparative amounts of protein. 

The above was achieved according to the invention by providing use of a positively charged 
siq>port for san^>le ^Ucation firom the cathode side of fiie gel. Thus, the invention provides a 
25 new method of using a positively charged support. 

Thus, in a first aspect, the mvention relates to use of a hydrophilic support derivatised with 
positively charged groups, for sample application to electrophoretic gels, such as IPG 
(Immobilised pH gradient) gels. According to the invention the application is performed from 
30 the cathode side of the electrophoretic gel. 



The support is preferably made of regenerated cellulose, dextran, agarose, polyvinylalcohol, 
polyether sulfone, polysulfone, cellulose acetate, polyurethane, polyamide, nylon or other types 
of membranes and conq>osite membranes. 
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Preferably, the positively charged groiqps are cation groiq)s. The degree of substitutioii with 
cation groups on tibe siq>port may not cause adsorption of substances present in the sample, such 
as proteins, to the siqiporL 

Preferably, the cation groiq)S are quartenary groiq)s, such as QAE or Q groins, or DEAE. 

In the currdatly best mode, a preferred siqjport is made of regenerated cellulose substituted with 
a low degree of quaternary groups, preferably Q-groiq)S. 

In a preferred embodiment, the IPG gel is an acidic interval (such as pH 3.5-5) IPG gel or strip. 
One type of preferred IPG strips are RTG (ready-to-go) strips. RTG-strips are pre-swollen gels 
available in different pH-intervals. 

The sample ^plicator according to the invention may be used in analytical as well as 
preparative amounts, a preferred use is for application of samples in preparative amounts. 

The sample ^plicator may be used for application of samples to IPG gels per se or used for 2D 
gels^ wherein the first dimension is isoelectric focussing and the second dimension is according 
to molecular weight 

hi a second aspect, the invention relates to a kit comprising a positively charged sample 
application siq>pdrt according the above and an IPG gel, preferably a pre-swoUen RTG strip, and 
more preferably an acidic interval RTG-strip, such as pH 3.5-5, pH 3.5-4.5 or pH 4-5. 

In a third aspect, the invention relates to a sample applicator for IPG electrophoresis comprising 
regenerated cellulose derivatised with cation groiq)s, preferably Q-groups. 

Detailed description of the invention 

The present invention provides novel use of a positively charged support, namely as a sample 
applicator in IPG electrophoresis. According to the invention the support is a hydrophilic 
support with high water absorbing edacity. Preferably the support can hold a large sample 
volume, such as 1 ml sample. The amount of sample added to the siq>port is usually fix>m 50 yd 
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— 10000 ^1 in a concentration of iq> to 10 mg/ml. The support must be substantially inert to the 
substances, such as proteins, present in the sanqile. 

The siq>port is made of any material with high water absorbing edacity, such as, but not limited 
5 to, regen^ated cellulose, dextran, agarose, polyvinylalcohol, polyether sulfone, polysulfone, 
cellulose acetate, polyurethane, polyamide, nylon or other types of monbraiies and comix)site 
membranes. 

According to the present invention, the support is substituted with positively charged cation 
10 groi^S) such as DEAE (diethylaininoefliyl) or quaternary groiq>s (for example Q (quaternary 
ammonium) or QAE (quaternary afoinoethyl) groups) to give the p^er a positive charge and 
anionic exchange character. This support can be used for qiplication of sanq>les from the 
ca&ode side of the geL 

15 The technique for derivatising the support or paper is known per se and can be found, for 

example, in ''Membrane chromatography: Preparation and Applications to Protein Separation" 
Xianfang Zeng, Eli Ruckoosteu^ Biotechnol. Prog. 1999, IS, 1003-1019. 

A preferred sirpport is made of regenerated cellulose (paper) substituted with a low degree of 
20 quaternary ammonium groups, preferably Q-groups. 

The thickness of the support dq)ends on the siipport material. For regenerated cellulose (pspcr) 
the thickness is preferably 3-4 imn. The dimensions of the support are determined by the size of 
the gel and the sample amount. 

25 

The sample loading siqjport according to the invention raay be used in association with any 
swollen electrophoretic gel, preferably an IPG gel. 

The sample is added to the support and thereafter it is placed between the cathode and the 
electrophoresis gel. At one end the support is in contact with the cathode and at the other end in 
30 contact with the cathode side of the gel. The running conditions are the same as for any IPG run 
or 2D electrophoresis run. 
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When using conventional cup loading, there are oftm distuxbances in the first 15% of the 
gradient due to the presence of the cup. For short IPG strips this may be a very significant 
portion of the gel. With the present invention this problem is avoided. 
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15 



The sanQ)le may be loaded in analytical or preparative amounts. The sample may be a biological 
sample or any other sample. 

The present invention is especially suited for qiplication of large sample amounts iq) to 1 ml and 
up to 10 mgAnl and is ttierefore very usefiil for preparative runs of large amounts of sample, 
preferably large amounts of proteiiL 

EXPERIMENTAL PART 

Below the invention will be described by a non-limiting example. Although DEAE-groups are 
motioned as an exempU^dng groitp, the skilled person could e^ily enq>loy for mangle Q- 
groiq)s instead. 

Cleangel Electrode strip was used as a paper bridge for sample s^pUcation. This matrix is a 
paper made of pure cotton linters. Thus, flie alpha cellulose content exceeds 98% and the 
nemaining percentage consists of beta and gamma cellulose. 



20 Table 1. 



Chemicals 



Supplier 



Article no. Batch no. 



Clean Gel Electrode Strips 

Synthesis of ion-exchanger paper 
Diethyl amino ethyl-chloride, 65% 

Sodiumhydroxide 0,01 M 
Ethanol99,5% 

Jso-electric focusing 

Immobiline DryStrip pH 3-5.6 

IPG buffer 3-5.6 

Urea6M 

Thiourea 2M 

Chq>s2% 

DeStreak 

IPGbu£Fcr3-10 

DTT40mM 



Schleicher & 
SchuU 



Amersham 
Biosciences 

Merck 
Kemetyi 



Amersham 
Biosciences 



Amersham 
Biosciences 



18-1035-33 
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Synthesis of ion exchanger's 

The ceUulose pdper was cut into pieces of ^proximately 1x2,8 cm and placed into a 20 ml glass 
vial. The pi^er pieces were soaked in distilled water (15 xol) and pH was adjusted to >10 with 
sodium hydroxide. The reaction was started by addition of diethylaminoethylchloride (DEAE, 
5 see Table 2 below). The reaction vessels were placed at a shaking table and the reaction 

proceeded for approximately 19 hours (at room tCT[q>erature) before neutralization with acid (1 
M hydrochloric add or IM acetic add). The papers were washed rq)eatedly with add (120 ml), 
etfaanol (720 ml) and water (300 ml) both idtrasonically and on a glass filter. The p^er pieces 
were dried under vacuum over night 

10 



Table 2. Amount DEAE-chloride in relation to cellulose paper 



m 


Paper 


DEAE- 
ehloride 


DEAE- 
chloiide 


NaOH 




8 


w/w%* 


mmol 


mmol 


U1275004:01 


1,51 


4 


0,287 


0,750 


U1275004:02 


1,56 


21 


1,44 


3,75 


U1275004:03 


1,56 


44 


2,86 


7,50 


U1275004:04 


1,52 


65 


4,31 


11,25 


U1275006:01 


1,1244 


1 


0,058 


0,012 


U1275006:02 


1,068 


0,6 


0,029 


0,006 


U1275006:03 


1,1903 


0,3 


0,014 


0,003 


U1275006:04 


1,1429 


0,1 


0,007 


0,0015 



*w/w% DEAE-chloride in relation to the weight of psper. 



Isoelectric focusing in Inunobillne DryStrip 3*5.6 

15 Immobiline DryStrip pH 3-5.6 were run according to the instructions of the manufacturer. The 
strips were rehydrated with 0.5 % IPG buffer 3-5.6, 6 M urea , 2 M thiourea, 2 % cluqps and 
DeStreak. 

The following sample was soaked into each p^er bridge: 220 jil / strip of : 20 jil E. coU ^tract 
20 + 200 jilsanq)le buffer 0.5 % IPG bufifer 3-10, 40mMDTT, 6Murea,2Mthiourea,2 % 
dbaps. 



Table 3. Results fix>m iso-electric focusing 
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Added 










Experiment 


cone of 


cone of 






Paper ID 




DEA£ 


DEAE* 


Results in IPG strip pH 3-5,6 




W/Wyo 


Anode 


Cathode 


U1275004:l 


040518 


4 


0,06 






U1275004:2 


040518 


21 


0,23 


— 





U1275004:3 


040518 


44 


0,34 






U1275004:4 


040518 


65 


0,36 






U1275006:l 


040602 


1 


0,013 




++ 


U1275006:2 


040602 


0.6 


' a 


0 


++ 


U1275006:3 


040602 


0.3 


a 


0 


+ 


U1275006:4 


040602 


0.1 


a 


0 


+ 


Qrigmal 


040518/040602 


0 


0 


0 


0 


paper 












*Coiicen.tration measured by e 


einental analysis of CHN at Mikrokemi AB, Uppsala, SE 


Key to results 




0 


Results as in origmal pq)er 








+ 


Better than original paper 








++ 


Best paper tested 










No visible bands 








a 


Too low cone, for analysis method 
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The original paper (0, see Table 2) gave about the same results when sample were applied at the 
anode or by in gel rehydration loading. Original paper ^lied at the cathode gave only weak 
acidic protein band. 

The results indicate that the substitution degree of DEAE groups cannot be too high. For the 
four first mentioned psqiers the substitution degree was fiur too high and the p^er was acting as 
a strong ion exchanger dius binding the proteins. This was indicated by the hard adsorption of 
marker stain Bromophenolblue to the p^er. The stain did not / slowly migrated out of flie pzper 
during the electrophoresis. 
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CUJMS 

1 . Use of a hydrophilic siqyport derivatised \vi& positively charged groups, for sample 
qiplication to an IPG (immobilised pH gradient) gel. 

5 

2. Use according to claim 1» wherein ttie IPG gel is an acidic interval IPG geL 

3. Use according to claim 1 or 2, wherein the siqiport is made of regenerated cellulose, dextran, 
agarose, polyvinylalcohol, polyether sulfone, polysulfone, cellulose acetate, polyurethane, 

10 polyamide, nylon or other types of membranes and conq)dsite membranes. 

4. Use according to claim 1 , 2 or 3, wherein the positively charged groups ate cation groiq>s. 

5. Use according to claim 4, wherein the cation groiq)S are quatCTiary groiq)s. 

15 

6. Use according to claim 5, wherein fbe quaternary grbiq>s are QAE or Q groiq>s. 

7. Use according to claim 4, wherein the cation groijps are DEAE- groiips. 

20 8. Use according to any of the above claims, wherein &e IPG gel is a pre-swoUenRTG (ready- 
to-go) gel. 

9. Use according to one or more of the above claims, wh^ein the support is made of 
regenerated cellulose derivatised with quaternary groups. 

25 

10. Use according to claim 9, wherein the quateraary groups are Q-groups. 

11. Use according to one or more of the above claims, wherein the sample is applied in 
preparative amounts. 

30 

12. Use according to one or more of the above claims, as a jSrst step in 2D electrophoresis. 

13. Kit comprising a positively charged sample ^)plication siq>port according to any of the 
above claims and an IPG gel or strip. 
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14. Kit according to claim 13, wherein the IPG gel is a RTG-gel. 

15. Kit according to claim 14, wherein the RTG-gel is an acidic interval RTG-gel. 

16. ICit according to claim IS, wherein the acidic interval is pH 3.S-S. 

17. Kit according to one or more of the claims 13-16, wherein the support is made of 
regenerated cellulose dmvatised witii Q-groups. 

18. Sample s^plicator for IPG electrophoresis, comprising regenerated cellul6se derivatised with 
cation groiq)s. 

19. Sample s^licator according to claim 18, comprising regenerated cellulose derivatised with 
Q-groups. 
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